Summary. Uterine blood flow and myometrial activity were measured simultaneously in anaesthetized sheep 15 days after a sterile (non-pregnant group) or fertile (pregnant) mating. During the peri-implantation period uterine blood flow was similar in both groups of animals, but spontaneous myometrial activity was greatly reduced in pregnant ewes. This 'block' of myometrial activity was associated with circulating levels of progesterone which were significantly higher (2\m=.\8\ m=+-\0\m=.\8ng/ml, mean \m=+-\ s.e.m.) than those in non-pregnant animals (0\m=.\4 \m=+-\0\m=.\3 ng/ml). Adenosine injected into the uterine artery produced uterine vasodilatation in both groups, but the log dose\p=n-\response was significantly less in pregnant than in non-pregnant animals (P < 0\m=.\001).Myometrial activity was stimulated by adenosine, particularly in the pregnant group (P < 0\m=.\001 
Introduction
An embryonic signal that prolongs the life-span of the corpus luteum in sheep is produced before the time of definitive attachment on Day 16 of pregnancy (Moor & Rowson, 1966; Moor, 1968; Boshier, 1969) . This signal results in the continued secretion of progesterone which is essential for the establishment and maintenance of pregnancy. Previous studies have shown that among the biochemical changes that occur in the uterus before implantation are increases in the rate of protein synthesis, in the concentration of prostaglandin (PG) F in caruncular (Findlay et al, 1981) and total (Ellinwood, Nett & Niswender, 1979) endometrial tissue, and a decrease in the net production of PGF in caruncular tissue (Findlay et al, 1981) . Vascular (Greiss & Anderson, 1970a) , and a diminished vasoconstrictor response of the uterine artery to periarterial sympathetic nerve stimulation (Pope & Stormshak, 1979) .
Oestrogen injections mimic many of these preimplantation changes in ovariectomized and intact animals. Oestradiol increases the rate of protein synthesis and decreases net production of PGF in caruncular tissue (Findlay et al, 1981) ; it stimulates uterine blood flow when injected into the circulation (Greiss & Anderson, 1970b) or into the uterine lumen (Greiss & Miller, 1971) ; and reduces the vasoconstrictor response of the uterine artery to sympathetic nerve stimulation (Ford, Weber & Stormshak, 1977) . However, the production of oestrogens by the sheep conceptus during the peri-implantation period could not be demonstrated (Gadsby, Heap & Burton, 1980; Heap et al, 1981) , though this may be due to an inability to detect a low level of activity rather than a complete absence of oestrogen production.
The purpose of this study was to determine uterine blood flow and spontaneous myometrial activity during the peri-implantation period in pregnant sheep (Day 15 post coitum) compared with that in non-pregnant animals 15 days after oestrus. Adenosine was injected into the uterine artery to demonstrate whether vascular and myometrial cells responded differently in pregnant and non-pregnant animals. This nucleoside was used because it has been proposed that the vasodilatory properties of oestrogens in the uterus of sheep depend on an increased local concentration of vasoactive substances such as adenosine that act as a mediator (Resnik, Killam, Barton, Battaglia, Makowski & Meschia, 1976; Resnik & Brink, 1978) . Adenosine is a powerful vasodilator in many tissues (Arch & Newsholme, 1978) and Berne (1980) Fig. 1 shows that blood flow through the cannulated middle uterine artery was confined to the isolated uterine horn as indicated by the localization of barium sulphate. During the control period, uterine blood flow was similar in pregnant and non-pregnant animals, being 20-0 ± 3-2 and 26-3 ± 2-7 ml/min (mean ± s.e.m.) in the two groups, respectively (Table 1) . After correction for the weight of the isolated uterine horn the mean flow rate was 94+10 ml/min/100 g (mean + s.e.m.). Plasma progesterone (ng/ml) 0-4 + 0-3 (6) 2-8 ± 0-8 <0-02
Uterine blood flow (ml/min)
26-3 ± 2-7 20-0 ± 3-2 n.s.
Uterine contractions
Frequency (pressure cycle/10 min)
30-9 ± 6-5 <1 <0-01
Mean amplitude (mmHg) concentration in peripheral plasma which was significantly higher in pregnant compared with non-pregnant animals (Table 1) . In 4 of 9 non-pregnant sheep behavioural oestrus was detected on the morning of Day 15, reflecting the individual variation which occurs in the length of the normal oestrous cycle. In these four animals uterine blood flow (22-1+3-1 ml/min) was similar to that in the remaining 5 ewes which were not in oestrus (29-7 ±3-7 ml/min). Active pressure cycles (24-3 ±8-6 and 36-0 ± 9-8 cycles/10 min respectively) and the amplitude of myometrial contractions (30-8 ± 3 · 3 and 28-2 + 5-2 mmHg respectively) were also not significantly different and the data were therefore combined for presentation in Table 1 .
An inverse relation between uterine blood flow and intrauterine pressure was frequently observed in non-pregnant animals (e.g. Ewe J478) but this was not found in pregnant animals because of the infrequency of contractions (e.g. Ewe J419, Text- fig. 2b ). Uterine blood flow was higher in Ewe J478 than in any other animal studied and it was related to an unusually large, but healthy, uterus.
Effect of adenosine
In the test period, uterine blood flow and the amplitude of myometrial contraction responded to increasing doses of adenosine (Text- fig. 3 ). Adenosine had a smaller effect on uterine blood flow in pregnant, than in non-pregnant animals (P < 0-001; Text- fig. 4a ). The maximal efficacy estimated from hyperbolic plots of response against log-dose was 31 and 12-5 µg (0-12 and 0-05 µ ) in non-pregnant and pregnant animals, respectively, although the median effective dose (ED50) was similar in the two groups (24 and 26 µg, 0-09 and 0-10 µ ).
In contrast, adenosine stimulated myometrial contraction to a greater extent in pregnant than non-pregnant animals, mainly because in the latter group spontaneous activity was already considerable (Text- fig. 4b ). The slope of the log dose-response was greater in pregnant than in non-pregnant animals, but the difference was not significant statistically because of the variation between individual animals in the non-pregnant group. Maximal efficacy was 50 and 43 µg (0-19 and 0-16 µ ) in non-pregnant and pregnant animals, respectively.
Text- fig. 3 (Text-fig. 5 ).
Reactive hyperaemia
Occlusion of the uterine artery in Ewe K289 (not pregnant) for 0-17, 0-33, 0-5, 0-75 and 1 min produced a reactive hyperaemia of 10, 20, 25, 30 and 30 ml/min, respectively. Values in a further 3 non-pregnant ewes after clamping for 0-5 min were 6-7 ± 1-2 and in one pregnant animal, 0-9 ml/min. Reactive hyperaemia was not observed in a ewe tested at oestrus, or in Ewe K289 after infusion of oestradiol-17ß. When reactive hyperaemia occurred, uterine contractions were suppressed for a period of about 30 sec. 
Discussion
Spontaneous myometrial activity was markedly suppressed on Day 15 after a fertile mating compared with that in non-pregnant sheep at a comparable time after a sterile mating, whereas uterine blood flow was similar in the two groups of animals. These physiological changes occurred before the time when the conceptus was firmly attached to the caruncular epithelium (Boshier, 1969) , though recent studies indicate that trophectoderm papillae have already protruded into intercaruncular glandular openings by Day 15 post coitum (Guillomot, Fléchon & Wintenberger-Torrès, 1981; Wooding, Staples & Peacock, 1981) . The inhibition of spontaneous myometrial activity in this peri-implantation period resembled the classic progesterone 'block' described by Csapo (1956 Csapo ( , 1977 . Greiss & Anderson (1970a) Ford, Chenault & Echternkamp, 1979;  pigs: Ford & Christenson, 1979) , particularly in the uterine horn occupied by a conceptus, and these increases have been correlated with oestrogen production by the early embryo. Short-term changes in uterine blood flow would not have been detected readily in the present study, but the flow rates in pregnant (4-fold) and non-pregnant (0-5 -fold) animals were considerably higher than the values obtained by Greiss & Anderson (1970a) in ewes with chronically implanted flow probes and warrant further consideration.
The oestrogen-induced vasodilatation observed in our studies was similar to that reported by Nuwayhid, Brinkman, Woods, Martinek & Assali (1975) in intact, normotensive, non-pregnant sheep with chronically-implanted flow probes. However, Killam, Rosenfeld, Battaglia, Makowski & Meschia (1973) found that surgery and anaesthesia suppressed oestrogen-induced vasodilatation in ovariectomized ewes. The magnitude of oestrogen-induced vasodilatation in chronic preparations is clearly much greater in ovariectomized (Killam et al, 1973; Resnik, Killam, Battaglia, Makowski & Meschia, 1974; Resnik, Battaglia, Makowski & Meschia, 1975; Resnik & Brink, 1978 , 1980 than in intact animals (Nuwayhid et al, 1975; present results), probably due to differences in tissue sensitivity resulting from endogenous steroid depletion and subsequent stimulation by repeated injections of oestradiol. Thus, the high flow observed in our study in pregnant animals cannot be attributed to anaesthesia, though it may be related to a reduction in sympathetic vascular tone arising from the procedure of confining flow to the middle uterine artery (Ladner, Brinkman, Weston & Assali, 1970; Bell, 1972) . This procedure may also result in a redistribution of the arterial supply to the pregnant uterus if blood flow through the middle uterine artery is normally supplemented by that of the caudal uterine artery. In this event flow transducers placed chronically on the middle uterine artery would fail to record total blood flow to the uterine horn in early pregnancy.
Adenosine stimulated the contraction of myometrial cells and the relaxation of vascular cells in the sheep uterus, and the effects were modified by pregnancy. Barsoum & Gaddum (1935) first reported that adenosine caused uterine contraction in the guinea-pig, and Resnik et al (1976) and Still & Greiss (1978) (Arch & Newsholme, 1978; Berne, 1980) . Whether oestrogen-induced vasodilatation results from increased levels of the same vasoactive mediator is not known, but the failure of adenosine to enhance blood flow further after oestradiol infusion supports this idea. However, several other compounds are potent vasodilators in the uterus including certain nucleotides, bradykinin and prostanoids (Resnik et al, 1976; Resnik & Brink, 1978; Still & Greiss, 1978) , and local synthesis of such compounds may also contribute to the regulation of vascular response.
The influence of adenosine on myometrial activity seemed to differ from the action of oxytocin. Adenosine stimulated contraction when spontaneous activity was inhibited, as in pregnancy, whereas oxytocin was relatively ineffective (Lye & Porter, 1978 
